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INTRODUCTION 
This chapter includes a general statement of the problem to be 
considered and a detailed description of the region studied. A more 
specific statement of the objectives and the hypotheses is given in the 
following chapter. 
Statement of the Problem 
The problem was essentially one of determining the optimum resource 
allocation for a given agricultural, region. Optimum is defined for the 
purpose of this study in terms of maximum regional production subject to 
certain employment goals and tenure systems. The impact of price structure 
on optimum farm size, regional production and employment was examined for 
several levels of regional capital investment. Conventional regional 
programming problems treat individual crop or livestock enterprises as 
basic production activities. While this approach can be made to take 
into account diminishing marginal returns to factors such as fertilizer 
employed in crop production, it does not consider nonlinear scale effects 
at the farm level. If such nonlinear scale effects exist they will have 
important implications for optimum regional resource allocation. In this 
case the question of optimum resource allocation involves not only the pro­
blem of which crops to produce but also the problem of farm size and number. 
This thesis considered this latter problem. 
The general approach to the problem was to estimate production relation­
ships for the purpose of testing hypotheses about scale returns. If scale 
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returns are linear,, farm size and number are not relevant to the problem of 
optimization. In the event that scale returns are nonlinear, a set of equi­
librium conditions can be expressed which uniquely determine the optimum 
farm size as a function of the estimated production parameters and prices. 
A region is likely to be characterized by more than one production relation­
ship and a unique optimum size should exist for each estimated production 
surface. Also for each set of prices a unique optimum size will exist for 
each estimated surface. For any price structure, these optimum farm sizes 
will become the activities in a regional programming model. This means 
that activity columns are now optimum farm sizes rather than crop or live­
stock enterprises. The solution is then in terms of the number of farms 
of any given size required to maximize the regional value of agricultural 
production. 
Another aspect of this model is that the coefficients are explicit 
functions of the prices of inputs and outputs. For any given set of 
prices a corresponding set of coefficients or optimum farm sizes will be 
generated. It should be pointed out that these prices never enter into the 
programming phase of the model explicitly apart from the objective function. 
The prices enter the model implicitly through their effect on the coeffi­
cients. For this reason it was possible to examine the influence of changes 
in the price structure on optimum regional solutions or optimum farm sizes 
and numbers. The model is similar to the conventional regional programming 
approach in that changes in regional production can also be viewed as a func­
tion of specified changes in the resource base vector describing the region. 
For example, regional capital supply can be changed either autonomously or 
as a function of time and the resulting changes on regional production 
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determined. 
From the operational point of view policy variables can be introduced 
into the model in three different ways. Policy variables which effect 
regional resource supplies can be introduced through the resource base 
vector. Policy variables which place additional limitations on the magni­
tude of any or all of the program variables can be represented by new rows. 
Finally, policies such as wage or other price restrictions can be intro­
duced though their effects on the program coefficients. 
The data forming the empirical basis for this study included observa­
tions on cost of production for individual farms in the Alto Rio Lerma 
irrigation district of the Bajio Valley of Mexico. This data was collected 
by the Institute Nacional de Investigaciones Agricolas in 1964 for cost 
of production data relevant to 1963. The observations included data for 
100 private holdings and 80 ejidos farm units. Additional data and general 
information were obtained at the experimental station at Celaya and the 
Departamento de Recursos Hidraulicos located in the Bajio Valley. 
The original 180 observations were collected without reference to any 
particular statistical design. For purposes of making population infer­
ences from the sample of observations, the sample was treated in the analysis 
as a simple random sample of 180 observations from the 218,000 hectar irri­
gation region. A detailed description of the.-irrigation district included 
in this study is given below. 
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Description of the Region Studied 
The Rio Alto Lerma irrigation district is situated in the Bajio, an 
inland valley located in the southern part of the State of Guanajuato and 
the northeastern part of the State of Michoacan. It extends from Tepuxtepec, 
Michoacan to the river Turbio Guanajuato. Specifically it is bounded by 
latitudes (19° 53" 06" N) and (20° 34' 09" N) and longitudes (100° 26' W) 
and (101° 23' W). 
The region is centrally located and benefits from a well developed 
system of highways and railroads connecting with the rest of the country 
including the major urban population centers. Main arteries of the national 
railroad connect Mexico-Guadalajara, Mexico-Ciudad Juarez, Mexico-Acambaro-
Morelia and several other major cities. In addition to the railroad system 
a very good network of highways connects such major cities as Mexico-Ciudad 
Juarez, More1ia-Salamanca, More1ia-Yuriria-SaIvatierra and Acambaro-
Salvatierra-Celaya. In general the highway and railway facilities provide 
excellent communication within the region and to major markets outside the 
region. The principle source of water for irrigation purposes is the Lerma 
River, which originates in the Almoyola springs in the State of Mexico. 
Its important branches are the Ocoyoacac, Ameyalco, Atenco, Del Mayorazgo, 
Tepetitlan, Embajomuy, Atlacomulco Rivers and others with lesser flow. The 
basins of Tepuxtepec, Solis, and Yuriria regulate the volume of flow of the 
Lerma River in this district. 
Climate over the region is semi-arid with spring and fall dry with 
moderate temperatures. Precipitation varies from 700 mm to 800 mm, almost 
all of which falls during the rainy season between May and October. 
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Temperatures range from 45°C to -2°C with an average yearly temperature of 
1S°C. Winters are not intense with an average of only four freezes. These 
frosts are usually not severe enough to cause crop damage except to those 
crops that are very sensitive to low temperatures such as.cantaloupe, water­
melon, pumpkins and chile. Crops raised in this region include corn, wheat, 
beans, alfalfa, peanuts, sweet potatoes, sugar cane, sorghum, oil seeds and 
fruit trees. 
Topography of the agricultural land that forms the district is practi­
cally flat with some small risings which make it difficult to use irrigation 
to its best advantage. Altitudes vary from 1,200 meters to 2,015 meters. 
The soil is primarily an alluvial deposit of volcanic ash rock which has 
disintegrated and deposited in the lower parts of what were once lakes that 
later drained leaving thick top soils with a high coloid content. Such 
conditions have produced good fertility. Dominant textures of the soil are 
clay, clay loam and silty loam, although almost all the textures used in 
the agrological classification can be found in the region. The colors that 
occur most frequently in the soils are black, gray and broî^ n, but all vari­
ety of colors can be found.as in the case of textures. Generally, the soil 
of the irrigation district has been fertilized with nitrogen and phosphorus,. 
Presence of salt content in sufficient quantity to damage plants, can 
be found in an approximate area of 8,700 hectares or about eight percent of 
the total irrigated area in the district. Soluble salts such as sodium 
sulphate or potash are found in most of the saline area and can be elimin­
ated through washing the soil. In smaller areas problems are presented in 
the form of sodium salts (black salitre) which are more difficult to 
eliminate. 
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The location of this agricultural region along with its production 
potential malces it an important regio:. for agricultural investment and 
development studies. 
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OBJECTIVES AND l-IYPOTHESES OF TIIE PRESENT STUDY 
The following is a formal statement of the objectives and hypotheses 
to be considered in this investigation. 
The objectives were; 
1. To determine the maximum regional agricultural production 
for a given land, labor and capital resource base and the 
optimum resource allocation in terms of 
a. size of farms 
b. number of farms 
c. techniques of production. 
2- To determine the maximum agricultural production and opti­
mum resource allocation for alternative capital levels in 
the resource base. 
3- To determine the change in agricultural production and 
optimum resource allocation over time for alternative 
growth rates in the capital stock. 
4. To determine regional employment in agriculture for alterna­
tive levels of capital under optimum resource allocation. 
5. To determine the change over time of employment in agricul­
ture for alternative growth rates of the capital stock under 
optimum resource allocation. 
6. To determine the functional relationship between the wage 
rate, level of employment and the capital stock under opti­
mum resource allocation. - -
7. To determine the impact of changes in the levels of input 
prices on regional production and employment. 
8. To determine the impact of alternative tenure arrangements' 
on regional production and employment. 
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The hypotheses were as follows: 
1. Scale returns are not linear for agricultural production 
in the region when considering individual farms as the basic 
production units. 
2. There is no functional relationship between scale returns 
and farm size as measured by the quantity of land. 
3. Scale returns are functionally related to production tech­
nique as measured by the capital intensity of production. 
4. Under the existing resource base total regional agricultural 
production could be increased through changes in farm size 
and production technique. 
5. The regional level of agricultural production is directly 
proportional to the capital growth rate. 
6. The level of agricultural employment is inversely propor­
tional to the capital growth rate. 
7. Within rather narrowly defined limits the capital stock can 
be adjusted to achieve target levels of agricultural employ­
ment and wage rates. 
8. Alternative tenure arrangements influence regional produc­
tion and employment. 
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THEORETICAL BACKGROUND 
The problem considered in this study was to construct a model to 
determine optimum resource allocation in a given agricultural region. 
If the individual farm is taken as the basic producing unit, then scale 
returns can be a major factor in determining optimum resource allocation. 
The regional value of agricultural production will be functionally related 
to the number and size of farms if scale returns are not linear. In the 
case of not constant scale returns the problem of maximizing the regional 
value of production involves the selection of that combination of farms 
by size and number which will maximize regional production. In general, 
the selection of the optimizing combination of farms can be made from among 
a wide range of farm sizes and types. There will be certain restrictions 
on farm sizes and numbers. These restrictions can be classified as physical, 
economic and institutional. The physical restrictions include the existing 
resource base or regional supply of land, labor and capital. These broad 
classifications of inputs can be broken down into as many components as 
desirable. The physical restrictions include the production surfaces or 
the relationships between inputs and outputs. A given region may be char­
acterized by only one or a large number of these production surfaces or 
production processes. It should be noted that these production surfaces 
correspond to production functions for individual farms since farms were 
taken to be the basic production unit. For a given production surface 
there will usually exist a unique point which satisfies a given set of 
equilibrium conditions provided that the production relationship is not 
characterized by linear scale returns. For example, the behavioral 
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assumptions of the purely competitive model satisfy the first and second 
order conditions for the "existence of a unique optimum farm size for any 
farm characterized by decreasing scale returns. Any such set of assump­
tions or restrictions which can be used to uniquely determine farm size 
corresponding to any production surface will be referred to for the pur­
poses of this study as economic restrictions or equilibrium conditions. 
These economic restrictions need not be behavioralistic. 
The development of the model is treated in three sections. The first' 
section pertains to the statistical estimation of the production surfaces. 
The second section pertains to the determination of a set of economic re­
strictions or equilibrium conditions which together with the production 
relationships can be solved for a unique farm size. The farm sizes so 
determined will be referred to as optimum size farms. They will be optimum 
in the sense that they represent the only size farms or input combinations 
consistent with both the production surfaces and the equilibrium conditions. 
The third section deals with the selection of a combination from among 
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these optimum farm sizes which maximizes the value of agricultural produc­
tion without exceeding the limitations imposed by the regional resource 
base. 
Estimation of Production Surfaces 
The first step in the development of the model involved the estimation 
of production surfaces or the relationship of inputs to outputs. In a 
region characterized by a single production technique and soil type, it 
might be expected that agricultural production could be described by a 
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single set of partial production elasticities and scale return. In such 
a situation a Cobb-Douglas type production function might adequately de­
scribe the production relationship. More usually any given region will be 
characterized by a number of production techniques. In such a situation 
the partial production elasticities and scale returns might differ for the 
different production techniques. In a broad sense production techniques 
might be defined as distinct to the extent that they are characterized by 
different partial production elasticities and scale returns." From this 
point of view it would not be acceptable to estimate a single Cobb-Douglas 
type production function for a region characterized by a number of produc­
tion techniques. One alternative would be to estimate separate Cobb-
Douglas type production relationships for each production technique and 
soil type characterizing the region. The mechanics of such an operation 
would be to take a sample of observations of farms in the region and divide 
the sample of farms into different production techniques on the basis of 
some predetermined criteria. Each of these groups would be used as a 
sample of observations for estimating separate production functions. 
This method has two important drawbacks. From an economic point of 
view, the partial production elasticities and scale returns for each sub-
sample will be a function of the way in which the sample is divided so that 
the selection of a classification criteria becomes critical. In many cases 
the selection of such a criteria by the investigator presupposes more 
knowledge about the region than is actually available. In any case this 
method of dividing the sample of observations introduces an unnecessary 
subjective element at this point. A second problem is that a simple random 
sampling scheme can not guarantee that all production techniques will be 
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represented or that there will be approximate uniformity in the number of 
observations in each subgroup. This latter consideration is perhaps less 
important than the former since it could be overcome by a slightly more 
complicated post stratified sampling scheme given the existence of an ac­
ceptable classification criteria. 
There is an alternative to the above procedure for estimating pro­
duction relationships which if appropriate overcomes these objections. 
This method involves using the entire sample of observations to estimate 
the coefficients of a single Cobb-Douglas type production function. The 
function is modified in such a way as to allow for variable partial pro­
duction elasticities and scale returns. The critical feature of this 
modified Cobb-Douglas type production function is that an hypothesis is 
made about one or more variables that significantly influence the partial 
production elasticities and scale returns. Any given production elasticity 
is then considered to be functionally dependent upon the variables as stated 
in the hypothesis. This hypothesis along with the specification of the 
form of the functional relationships gives rise to the following series of 
equations : 
h = S^ (I) 
(1) = B^ d) 
B3 = BgCl) 
In the above equation system the B's refer to the partial production elas­
ticities for land, labor, and capital, respectively. Any of these input 
categories can be disaggregated by adding additional equations to represent 
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the partial elasticities for the additional input categories. The I 
variable refers to the variable which is hypothesized to significantly 
influence the partial production elasticities and scale returns. The 
influence of other variables on the partial elasticities can be tested by 
incorporating these variables as additional independent variables in equa­
tion set 1. The B's from equation system 1 can be substituted into the 
Cobb-Douglas production function 2, resulting in Equation 3. 
®3 
(2) Y = AX^  ^ 2 % 
B (I) B (I) B (I) 
(3) Y =  ^  ^
In equation set 2 and 3, Y refers to the value of farm crop production, 
refers to harvested land, X^  refers to labor and X^  refers to the 
value of the flow of capital services. 
Another way to conceptualize the production relationship in 3 is to 
compare this function with the conventional Cobb-Douglas production function. 
The scale lines for relationship 3 contain the origin as do the scale lines 
characterizing Cobb-Douglas functions. But unlike the Cobb-Douglas func­
tion each scale line of the relationship discussed above is characterized 
by a unique scale effect. While the scale effect along any scale line is 
fixed, the scale effect can vary from scale line to scale line. This is a 
significant flexibility -introduced by allowing the partial production elas­
ticities to vary. 
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If I is another independent variable which is continuous and is 
believed to influence one or more of the partial production elasticities. 
Equation 3 can be written in logarithmic form as in 4. 
(4) InY = InA + B^ (I)lnX^  + B^ CDlnX^  + B^ CDlnX^  
Since" this equation is linear in the parameters it can be estimated with 
the usual techniques. The difference between Equation 4 and the transform­
ed Cobb-Douglas production function is the presence of several interaction 
terms involving the index variable I and the transformed X variables. Esti­
mating the function shown in Equation 4 enables the pooling of the complete 
sample of observations. This method of pooling is useful for the economic 
reasons suggested. Apart from these economic considerations the appropri­
ateness of pooling the sample of observations is subject to the usual sta­
tistical assumptions. 
The choice of an I variable which supposedly influences the partial 
production elasticities is an hypothesis which can easily be tested. For 
example, suppose that the level of management is believed to influence one 
or more of the production elasticities. Assuming that management is a 
measurable, quantifiable and a continuous variable it can be included in 
the model. The hypothesis that management does influence the elasticities 
can be tested by determining the significance level of each of the inter­
action coefficients. This procedure is not limited to a single I variable. 
An hypothesis might be made that several variables influence the partial 
elasticities or that different variables influence each of the elasticities. 
In all cases these hypothesis can be tested by determining the significance 
level of the corresponding coefficients. The selection of the I variables 
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corresponds to the selection of criterion in the case where the sample of 
observations is to be divided and functions estimated separately for each 
group of observations. But in this latter case the criterion once selected 
take the form of assumptions and are not hypotheses that can be tested 
empirically. 
The production functions with variable production elasticities shown 
in Equation 3 or 4 represent an infinite number of the more conventional 
Cobb-Douglas type production functions. Corresponding to each level of the 
I variable there is a unique set of partial elasticities and a unique pro­
duction surface. Since I is a continuous variable there are an infinite 
number of sets of partial elasticities and an infinite number of produc­
tion surfaces. In the sample of observations the I variable will be limited 
to some finite range. In general only those production elasticities and 
production surfaces corresponding to I values within this range should be 
considered appropriate for use in optimizing regional resource allocation. 
Derivation of the Equilibrium Conditions 
Given a production surface corresponding to each technique in the 
region, the problem was to derive a set of necessary and sufficient con­
ditions for uniquely determining the equilibrium point on each surface. 
For each production surface or production technique there should correspond 
a unique farm size which satisfies the equilibrium conditions under non­
linear scale returns. Equilibrium refers to the absence of forces that 
would tend to shift resources. This static concept of equilibrium should 
apply at both the farm and market level. 
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Since the equilibrium point for a given production surface depends 
upon the assumptions underlying the equilibrium conditions, it is impor­
tant that these assumptions are realistic and completely describe the 
essential forces influencing production decisions. 
The tifo essential equilibrium conditions are as follows. First a 
given level of production can be an equilibrium level only if it is pro­
duced in a least cost manner. Second for a given price structure the 
reward to factors must exactly exhaust the product. The first condition 
insures that factors will be rewarded in proportion to their marginal 
value product and the second condition insures that no factor will receive 
an abnormal return for its services. The two conditions together insure 
that forces will not exist which tend to shift resources at the farm or 
regional level. The mathematical statement of these two conditions is 
given in equation set 5. 
P ÔY P \ 
P ÔY P À 
X = 0 
The partial derivatives on the left hand side of equation set 5 refer 
to the marginal productivities of the respective inputs. The Px's refer 
to input prices, P^  refers to output price and 0 is equal to the scale 
effect as given by Euler's Theorem. The first three equations above insure 
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cost minimization. The fourth equation along with the other three insures 
that the product is exhausted in payments to factors. The proof of this 
last statement for production functions homogenous of any degree is given 
below. 
(5) TC = P X, + P X„ + P X, 
1 Xg 2 x^  3 
Substituting from 5 into 6 
1 C7) TC = r /'P ÔY X. + P ÔY X. + P oY X^ \ 
3's: 2 y 
1 
Then from Euler's Theorem 
(8) 0Y= ÔY X + ÔY X, X, 
8X3 
multiplying 8 by P^  and dividing by 0 
(9) TR = P Y = 1/P ÔY X. + ÔY X„ + ÔY X_\ 
From 9 and 7 it can be seen that total cost is equal to total revenue 
when X. = 0. In other words the equilibrium conditions are satisfied when 
the wedge between the value of marginal product and input price is equal to 
the scale effect as given by Euler's equation. 
Since the Cobb-Douglas production function with variable partial elas­
ticities is homogenous it can be put in the form of equation system 5. For 
Equation 3 the equilibrium conditions stated in 5 are shown in 10. 
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P À 
X, 
B (I) B (I) B (I)-l 
3 
P \ 
x« 
X = 0 
The X's in equation system 10 can be solved for as a function of the prices, 
the index variable I and the scale effect 0. To each given level of I 
there corresponds a production surface and constant scale effect so that 
the X's can be solved for as functions of the prices and the index variable 
I. Given a set of prices and an I value the solution will be unique when 
the scale effect associated with the given I value is not unity. 
The'problem described mathematically above can be conceptualized as 
follows. The production relationship shox<m in 3 corresponds to an infinite 
number of production surfaces. For each level of I there corresponds a 
production surface and a given scale effect. Each surface which is charac­
terized by nonconstant scale returns contains a unique point which satisfies 
the equilibrium conditions described above. In this sense each surface 
contains an optimum farm size in terms of the value of production, employ­
ment of land, labor and capital and the specified equilibrium conditions. 
The optimum point on any given surface is a function of input and output 
prices although the surfaces themselves are invariant under price changes. 
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Since in the most general case there exist an infinite number of surfaces 
each containing a single point satisfying the equilibrium conditions, there 
can exist an infinite number of optimum farm sizes for each set of prices. 
No optimum farm si%e is better than any other in the sense tluit all 
optimum, farms fulfill the equilibrium conditions of cost minimization and 
product exhaustion or zero profit. But some optimum sizes are better in 
the sense that they contribute more toward maximizing or minimizing a 
given regional objective function. It is the purpose of the following 
section to develop the mechanism for selecting from among the optimum farms 
those which will maximize or minimize a given regional objective function 
subject to the existing restrictions. 
The Regional Programming Problem 
This phase of the regional model considers the problem of selecting 
from among the infinite set of optimum farm sizes determined in the pre­
vious section that combination which will maximize the value of regional 
agricultural production. Another aspect of this problem to be considered 
is the impact of price changes and increases in capital on regional pro­
duction, employment and farm sizes. Specifically this section deals with 
the mechanism to be employed in selecting from.among the optimum farms. 
Theoretically each one of the infinite number of optimum farm sizes 
could be viewed as a single activity in an infinitely large linear pro­
gramming problem. Since each optimum farm size is associated with a specif­
ic level of production and employment of land, labor and capital, the 
objective would be to maximize the regional value of production subject 
20 
to the restrictions on resource supplies. Resource supplies refer to the 
existing regional availability of land, labor and capital. The variables 
to be solved for in this program would be as usual the level of each activ­
ity. But since activities here refer to specific farm sizes the program 
solution would give the combination of farms of different sizes required 
to maximize regional production. Associated with each optimum farm or 
activity in the linear program is a specified level of the index variable. 
So that if the index variable is an index of production technique or man­
agement level, the program solution will indicate not only farm numbers 
and sizes, but also the appropriate production techniques or management 
levels required to maximize regional production. 
In order to make such a model operational it is only necessary to 
limit the number of activities to some finite and convenient number. Limit­
ing the number of activities is equivalent to considering only a finite 
number of levels of the index variable. Properly the values of the index 
variable can be bounded by the range of the index found in the sample of 
observations. Within this range an arbitrary but convenient number of more 
or less symetrically spaced levels of the index can be chosen. The region­
al program can then be expressed mathematically as shown in 11. 
T 
Maximum Z Y.N. 
Subject to; 
(11) 
j-i : ^ 
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Subindex j refers to the different levels of the index variable I. 
If the index I is considered an index of production techniques then the 
model characterizes the region by T production techniques. Any is the 
value of production for an optimum size farm employing the j th production 
technique. An N. is the number of farms of type j. The objective function j 
expresses total regional production as the product of the number of farms 
type j and the value of production of the j th farm summed over all the j 
farm types. The Xj's represent the land, labor and capital requirements 
respectively for the j th farm type. Total land requirements become the 
product of land requirements of the j th farm type and the number of farms 
type j summed over all j farm types. This requirement for land can not 
exceed available land b^ . A similar interpretation can be given to labor 
and capital requirements. 
This regional program differs from conventional programs in that the 
solution is in terms of the optimum number of farms of different sizes and 
different production techniques necessary to maximize regional production 
subject to several equilibrium conditions imposed at the farm and market 
levels. To the extent that scale returns are not constant for different 
production techniques in the region, farm size and number will be important 
variables in determining regional resource allocation. In this case farm 
number and size would be important policy variables. In the situation 
where all production techniques are characterized by linear homogenous 
functions, unit size and number of units no longer are important in deter­
mining optimum resource allocation. In this case only one production 
technique would be employed throughout the region on any size farms; the 
choice of technique being governed largely by the availability of scarce 
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capital. 
Another important difference between this regional model and other 
regional programs is that the coefficients or X's and Y's are functions of 
prices so that the impact of price changes on regional production, employ­
ment, farm sizes and production techniques can easily be determined. Each 
set of prices generates a unique set of coefficients and a new optimum 
regional solution. 
In addition to this the impact of changes in the resource restrictions 
can,be determined for any set of prices. So that new regional solutions can 
be generated by either changes in the price structure which affect the coef­
ficients or by changes in one or more of the resource restrictions. The 
more realistic situation is that changes in the price structure are con­
current with changes in the resource base for a given region. Given the 
structure of the model it is not difficult to determine the impact of 
these concurrent changes on regional employment, production, farm sizes, 
farm numbers and production techniques-
The empirical portion of this thesis is largely an attempt to apply 
this model in the form shown here to a given agricultural region. Only a 
very few modifications of the model have been introduced to adapt it to 
the region under consideration. Because the model has^ been illustrated 
with reference to a particular study, it may appear to be less general 
than it actually is. For example, the model in essentially its present 
form can be applied to an investigation involving any number of regions 
with any number of resource categories. In studies of this type limita­
tions such as those on the number of resource categories will almost always 
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arise out of availability of empirical data rather than limitations within 
the model itself. 
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ANALYSIS PART I 
The analysis will be treated in two parts. The first part deals with 
the estimated production relationships and optimum farm sizes. This corre­
sponds to the first two sections of the theoretical chapter which consider­
ed production relationships and equilibrium conditions. Optimum farm sizes 
will refer to those sizes which fulfill the equilibrium conditions discuss­
ed in the previous section. For each farm type characterized by a given 
production surface and for each set of prices there exists an optimum farm 
size. This farm size will be unique for any nonlinear production surface. 
It will be optimum in the sense of satisfying the equilibrium conditions. 
This chapter will concern itself with investigating scale returns for 
farms in the region and testing certain hypotheses about the factors that 
influence the partial production elasticities and scale returns. Of spe­
cial interest will be tests of hypotheses about the functional relationship 
between scale return, farm size, and production technique. This first part 
of the analysis will consider the impact of changes in prices and produc­
tion technique on production, employment and optimum size at the individual 
farm level. The second chapter of the analysis will consider the impact of 
price changes and changes in the regional supply of capital on optimum re­
gional output, employment and production techniques for alternative tenure 
systems. 
Estimation of Production Relationships 
The first part of this chapter considers the estimated production 
relationships for the region described in the first section. Production 
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relationships of the type discussed in the theoretical chapter with variable 
partial production elasticities were estimated for the sample of observa­
tions. The estimated functions were crop production functions which took 
into account only inputs and outputs for crop production and excluded any 
consideration of livestock. These functions were estimated for the com­
plete" set of observations as well as for ejidos and non ejidos considered 
separately. It was concluded that the imderlying production relationships 
for ejidos and non ejidos is essentially different and therefore that a 
pooling of these observations was inappropriate. It was further concluded 
that the estimated production relationships for ejidos were not satisfactory 
in terms of producing statistically significant coefficients. The reason 
for this situation was the lack of sufficient variability in input use 
among ejidos. For this reason it was decided not to use the estimated 
production relationships for ejidos to determine equilibrium size units. 
Instead the input-output coefficients for ejidos were estimated by calcu­
lating geometric means of the relevant input and output categories for 
various groups of ejidos. The index variable used to group ejidos for esti­
mation of the input-output coefficients was the same as the index variable 
used in estimating the production relationship for the non ejidos. The 
input-output coefficients determined for the ejidos were entered as addi­
tional activity columns in the regional programs along side the activity 
rows for the non ejidos. The difference being that the activity rows for 
ejidos unlike those of the non ejidos are invariant under price changes. 
This means that the coefficients in the section of the regional programs 
pertaining to ejidos do not change in response to price changes as do the 
other coefficients. 
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The first hypothesis to be tested is the functional relationship 
between scale returns and farm size as measured by the quantity of land. 
The problem is to determine if there exists a significant relationship 
between the partial production elasticities or the scale effect and farm 
size. For this purpose the following production function was estimated 
for the 89 non ejido farms contained in the regional sample. Notice that 
the functional form of the relationship between partial elasticities and 
land size was hypothesized to be linear. 
In Equation 12 Y refers to capital measured in tens of pesos. The 
X's refer respectively to land in tenths of hectares, labor in tens of 
irfrk 
.24760 + .000511 ' .44598 . I -.000171 
Y = 1.52508X^  
(12) 
.31353*** - .000101 .10620 - .000151 
3^ 4^ 
hours and two types of capital flows each measured in tens of pesos. The 
flow of capital services has been divided into two categories. The first 
applies to capital services related to seed, fertilizer and other seed 
treatments. The second relates to capital services from depreciation on 
machinery and other machine related expenses. This division of capital 
services was made in order to distinguish %he relative importance of each 
in the.production process. In later empirical work these two categories 
of capital have been summed together in the interest of achieving sta­
tistically significant capital coefficients. For convenience the 
T^riple, double and single asterisks refer to statistical significance 
levels of 1, 5 and 10 percent, respectively.  ^
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functional relationships relating the partial production elasticities and 
land size have been separated from Equation 12 and rewritten in 13. 
= .24760 + .000511 
B^  = .44598*** - .000171 
(13) 
B^  = .31353*** - .000101 
B^  = .10620 - .000151 
The B's above refer to the partial production elasticities for land, labor 
and the two categories of capital services respectively. The important 
fact here is that none of the interaction coefficients are statistically 
significant at even the 10 percent level. This suggests that none of 
the partial elasticities are effected by farm size alone. Since the scale 
effect is the sum of these partial elasticities, the scale effect seems 
also to be independent of land size. The scale effect would normally be 
determined by calculating the B's from equation set 13 for any given land 
size. In this case the second terms on the right hand side of equation 
set 13 can be ignored and the scale effect becomes the sum of the first 
terms on the right hand side of equation set 13. This sum is constant for 
all land sizes and equal to 1.11331. Although scale returns seem to be 
independent of land size, it is not reasonable to assume that all farms 
in the region are characterized by this same scale effect. The region is 
in fact characterized by farms employing different production techniques. 
The level of management skills could also be expected to vary considerably. 
For these reasons it is not likely that the region can be adequately 
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represented by a single production surface with one set of partial 
production elasticities and scale return. Since equilibrium conditions 
are specified with reference to individual production surfaces the problem 
is not to identify techniques but to isolate those factors which effect 
partial elasticities and scale returns. Equilibrium points for different 
production surfaces will be said to represent different production tech­
niques . 
It is hypothesized that the capital intensity of production or the 
ratio of capital services per unit of land influences the partial elas­
ticities and scale returns. Management has been excluded due to the 
lack of observations on this factor. Production relationships were esti­
mated assuming the form of the relationship to be linear, quadratic and 
cubic. In the absence of other economic and statistical guidelines' the 
number of statistically significant coefficients was the criteria for 
selecting the quadratic form shown in 14. 
.46985***.19157* +.00232***!^ .40368***- .00198*1^ 
(14) Y = 5.6 Xg Xg 
All of the coefficients are significant at the levels indicated suggesting 
that the elasticities and scale returns are significantly influenced by 
the capital intensity of production. The scale returns and the partial 
production elasticities for alternative levels of the index variable are 
shown in Table 1. 
In Table 1 the levels of the index variable I refer to hundreds of 
pesos of capital services per hectar. The B's refer to the partial elas­
ticities for land, labor and capital services respectively. The 0 column 
of Table 1 indicates the scale return for alternative levels of capital 
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Table 1. Partial production elasticities and scale returns 
Inccx of 
production^  
technique Parti.il production elasticities Scale returns 
I 
Land 
Bl 
Labor 
2^ 
Capital 
:3 
'/> 
1 .46985 .19389 .40170 1.06544 
2 .46985 .20085 .39576 1.05646 
4 .46985 .22869 .37200 1.07054 
6 .46985 .27509 .33240 1.07734 
S .46985 .34005 .27696 1.08686 
,10 .46985 .42357 .20568 1.09910 
12 .46985 .52562 .11856 1.11403 
is the index of capital intensity of production measured in 100's 
of pesos per hectar. 
intensity.. For the model shown in 14 the index variable is the ratio of 
capital services to land or variables and In cases where the index 
variable is a function of one or more of the other independent variables, 
it is possible that at least one of the interaction terms can not be esti­
mated. This was the case for the land interaction term of Model 14. 
An important feature of the estimated production relationship 14 is 
illustrated in Table 1. The partial production elasticity of labor in­
creases with the capital intensity of production or the index variable. 
At the same time the partial production elasticity of capital decreases 
as the capital to land ratio increases. It seems reasonable that the 
30 
productivity of labor as measured by its partial production elasticity 
should be related to the relative scarcity of capital in the production 
process. A similar argument could be applied to capital to help explain 
the direction of change in the partial elasticities of labor and capital 
noted in Table 1. 
Determination of Marginal Value Productivities 
and Optimum Sizes 
When the index variable involves one or more of the other independ­
ent variables, a problem arises in attempting to calculate marginal value 
productivities. The partial elasticities are not constant so that the 
rules of partial differentiation can not be applied directly to Equation 
14. One approach would be to take a logarithmic transformation of both 
sides of Equation 14, differentiate partially each of the terms and solve 
for the required partials.^  This results in marginal value productivities 
which are complicated functions of the index variable and which can not 
be conveniently applied to the equilibrium conditions defined in the pre­
ceding section. An alternative is to compute marginal value productivities 
for fixed values of the index variable. This insures that the exponents in 
14 are constant. For fixed I,variables and are not independent but 
must vary in the same direction and on the same percentage basis. It is 
not possible to consider the marginal value productivity of either one 
separately. In effect, a new variable has been defined which is a weighted 
combination of these two variables where the weights are a function of I. 
S^ince Y in Model 14 refers to value of production, the marginal value 
products for any input is equal to the corresponding partial derivative. 
31 
The equilibrium conditions for Model 14 which correspond to the equilibrium 
conditions given in the previous chapter are derived below for fixed I. 
2^ 3^ (15) Y = A 2^ % 
X, 
(16) for I = /^x^  = constant, substituting for X^  gives 
*3 *1 + B3 Bz 
(17) Y = AI X^  X2 from which the equilibrium conditions 
become 
= (Bi + Z3) Ai\^^ " V = (M ''='1 w S) 
(18) 
% = ' = V 
X = 0 
The equilibrium conditions embodied in equation system 18 can be solved 
for the optimum values of X^  and X^ . Variable X^  now refers to a weighted 
combination of land and capital or the old variables X^  and X^ . The price 
appropriate to this new input variable is itself a weighted combination of 
the price of land and capital services. This weighted price is shown on 
the right hand side of the first equation in 18. For a fixed value of I, 
variable X^  can be divided into its component parts using the same weights 
as applied to the prices. Also for fixed I the scale effect is known. 
The equilibrium system 18 has been applied to Model 14. The resulting 
equilibrium or optimum farm sizes for various levels of the index variables 
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and for various price sets are presented in the following tables. Each of 
the following tables contains a set of tableaux. Any coluinn of a tableau 
refers to an optimum farm size for the level of the index heading the colunn. 
The units of the index variable are hundreds of pesos of capital services 
per hectare. ' The rows of any tableau refer respectively to farm output 
expressed in thousands of pesos, land in hectars, labor in thousands of 
hours and total capital services expressed in thousands of pesos. The 
column at the extreme right hand side of any tableau shows the prices of 
the corresponding inputs used to generate the optimum solutions in that 
tableau. Notice that within a table the price sets from tableau to tableau 
differ only by the price component for labor. From tableau to tableau the 
wage rate increases at the rate of 3 percent. Moving down a column from 
tableau to tableau shows the impact of consecutive 3 percent increases in 
the wage rate on optimum farm size for the production technique correspond­
ing to that column. Each tableau may be viewed as one year in a ten year 
sequence. Moving through any of these tables from tableau to tableau 
shows the optimum farm sizes for yearly increments of three percent in 
the wage level. Since all other prices including output prices are held 
constant these changes in the wage rates correspond to increments in real 
terns. 
Tables 2, 3 and 4 differ only in the price assigned to land where 
land price is looked upon in an opportunity cost sense. Table 2 shows 
optimum farm sizes resulting from a zero opportunity cost price for land. 
In this case the marginal value product of land is driven to zero for all 
farms and the product is completely distributed in returns to labor and 
capital. Moving between Tables 2, 3 and 4 illustrates the impact on 
Table. 2. Optimum farm si.ze - land price = 0 pesos per hectar 
Farm production 
and resources 1 = 4 
Inde.. of production technique 
1 = 6  1  =  8  1 = 1 0  I = 12 
Resource 
prices 
Production in $000's 12.432 10.038 15.800 34.194 75.915 
Land in hectares' 21.800 11.13 12.110 18.710 30.040 
Labor in 000's of hours 2.952 2.843 5.500 14.710 39.500 
Capital services in $000's 8.720 6.678 9.688 18.710 36.040 
$00.00/ha. 
$ .90/hour 
12% 
Production in $000's 13.691 11.400 17.747 38.907 87.647 
Land In hectares 24.000 12.730 13.610 21.330 34.520 $00.00/ha. 
Labor in 000's of hours 3.170 3.070 5.990 16.200 44.500 $ .93/hour 
Capital services in $000's 9.600 7.638 10.888 21.333 41.424 12% 
Production in $000's 15.090 12.401 19.995 43.879 100.148 
Land in hectares 26.500 13.760 15.270 24.060 39.350 $00.00/ha. 
Labor in 000's of hours 3.370 3,303 6.610 17.730 49.540 $ .95/hour 
Capital services in $000's 10.600 8.256 12.216 24.060 47.220 12% 
Production in $000's 16.543 13.717 22.464 49.697 114.343 
Land in hectares 29.020 15.200 17.220 27.240 45.000 $00.00/ha. 
Labor in 000's of hours 3.600 .3.560 7.150 19.500 54.850 $ ,98/hour 
Capital services in $000's 11.608 9.120 13.776 27.240 54.000 12% 
is an Index of the capital intensity of production measured in 100's of pesos per hectar 
I 
Table 2. (Continued) 
Farm production 
and resources 1 = 4 
Index of production technique' 
1 = 6  1 = 8  
Production in $000's 18.194 15.188 25.015 
Land in hectares 31.920 16.810 19.170 
Labor in 000's of hours 3.840 3.838 7.730 
Capital services in $000's 12.768 10.086 15.336 
I 10 
56.274 
30.870 
21.400 
30.870 
12 
130.584 
51.500 
60.700 
61.800 
Resource 
prices 
$00.00/ha. 
$ 1.01/hour 
12% 
Production in $000's 20.804 16.484 28.589 63.488 148.981 
Land in hectares 36.860 18.670 21.560 34.890 59.000 
Labor in 000's of hours 4.110 4.120 8.880 23.450 66.940 
Capital services in $000's 14.744 11.202 17.248 34.890 • 70.800 
$00.00/ha. 
$ 1.04/hour 
12% 
w 
Production in $000's 22.062 18.710 31.202 72.272 172.230 
Land in hectares 38.760 29.710 23.810 39.650 68.230 $00.00/ha. 
Labor in 000's of hours 4.370 4.458 9.180 25.920 75.120 $ 1.07/hour 
Capital services in $000*8 15.504 12.426 19.048 39.650 81.876 12% 
Production in $000's 24.195 20.875 35.347 81.782 193.391 
Land in hectares 42.460 23.140 27.070 44.850 77.110 $00.00/ha. 
Labor in 000's of hours 4.670 4.810 10,020 28.500 81.300 $ 1.10/liour 
Capital services in $000's 16.984 13.884 21.656 44.850 92.532 12% 
Table 2. (Continued) 
Farm production 
and resources  ^ , 1 = 4 
Production in $000's 26.709 
Land in hectares 46.920 
Labor in 000's of hours 4.990 
Capital services in $000's 18.768 
Production in $000's 29.296 
Land in hectares 51.400 
Labor in 000's of hours 5.340 
Capital services in $000's 20.560 
1  =  6  1  =  8  1 = 1 0  I = 12 
Resource 
prices 
23.088 39.446 91.359 224.906 
25.570 30.220 49;600 88.400 $00.00/ha. 
5.180 10.850 31.410 93.230 $ 1.13/hour 
15.342 24.176 49.600 106.080 12% 
25.666 44.425 105.224 265.989 
28.360 34.120 57.640 109.500 $00.00/ha. 
5.620 11.800 34.640 101.470 $ 1.16/hour 
17.016 27.296 57.640 ' 131.400 12% 
Table 3. Optimum farm slsso.s - land price = 100 pesos per hectar 
Farm production 
and resources 
Production in $000's 42.336 
Land in hectares 40.850 
Labor in 000's of hours 12.000 
Capital services in $000's 24.510 
Index, of production technique^  
1 = 8 I = 10 
17.319 
12.310 
5.520 
9.848 
60.650 
30.400 
26.180 
30.400 
I = 12 
110.827 
40.600 
58.000 
48.720 
Resource 
prices 
$100.00/ha. 
$ .90/hour 
12% 
Production in $000's 46.842 
Land in hectares 45.210 
Labor in 000's of hours 12.880 
Capital services in $000's 27.126 
19.223 
13.670 
6.050 
10.936 
69.270 
34.850 
28.860 
34.850 
126.577 
46.250 
64.500 
55.500 
$100.00/ha. 
$ .93/hour 
12% w o> 
Production in $000's 52.371 
Land in hectares 50.600 
Labor in 000's of hours 13.950 
Capital services in $000's 30.360 
22.180 
15.900 
6.650 
12.720 
78.901 
39.650 
32.000 
39.650 
145.518 
52.850 
72.540 
63.420 
$100.00/ha. 
$ .95/hour 
12% 
Production in $000's 57.833 24./i40 88.704 166.638 
Land in hectares 
Labor in 000's of hours 
Capital services in $000'i 
55.960 
14.900 
33.576 
17.390 
7.250 
13.912 
/,4.700 
34.800 
/|/| .700 
60.520 
80.070 
72.624 
$100.00/ha. 
$ .98/hour 
12% 
is an index of the capital intensity of product ion measured in 100's of pesos per hectar. 
Table 3. (Continued) 
Farm production 
and resources 1 = 6 
Production in $000's 
Land in hectares 
Labor in 000's of hours 
Capital services in $000's 
/ 63.922 
61.690 
16.120 
37.014 
Index of production technicuie" 
1 = 8 
27.409 
19,510 
7.890 
15.608 
1 = 10 
99.864 
50.100 
38.320 
50.100 
12 
189.421 
69.300 
88.380 
83.160 
Resource 
prices 
$100.00/ha. 
$ 1.01/hour 
12% 
Pr oduc t ion in $ 000's 70,018 
Land in hectares 68.57 
Labor in 000's of hours 17.370 
Capital services in $000's 41.142 
30.906 
22.000 
8.640 
17.600 
113,934 
57.380 
42.200 
57.380 
216.405 
79.230 
97.980 
95.076 
$100.00/ha. 
$ 1.04/hour 
12% 
Product ion in $000's 79.706 
Land in hectares 77.140 
Labor in 000's of hours 18.800 
Capital services in $000's 46.284 
34.631 
24.750 
9.310 
19.800 
129.526 
65.310 
46.500 
65.310 
247.154 
90.700 
108.380 
108.840 
$100.00/ha. 
$ 1.07/hour 
12% 
Production in $000's 87.235 38.305 146.324 283,543 
Land in hectares 84.140 27.330 73.660 103.850 $100,00/ha. 
Labor in 000's of hours 20.180 10.040 51.140 121,000 $ 1,10/hour 
Capital services in $000's 50,484 21.864 73,660 124.620 12% 
•Tabic 3. (Contimiecl) 
Farm production 
and resources 1 = 6  
Production in $000's 97.034 
Land in hectares 93.570 
Labor in 000's of hours 21.810 
Capital services in $000's 56.142 
Index of production technij|< 
1 = 8 I = 10 
43.498 
31.080 
11.030 
24.864 
166.864 
83.950 
56.680 
83.950 
I = 12 
323.887 
118.000 
135.000 
141.600 
Resource 
prices 
$100.00/ha. 
$ 1.13/hour 
12% 
Production in $000's 107.891 48.459 190.573 371.272 
Land in hectares 104.140 
Labor in 000's of hours 23.480 
Capital services in $000's 62.484 
34.440 
12.090 
27.552 
95.450 
63.300 
95.450 
146.080 
149.250 
163.296 
$100.00/ha. 
$ 1.16/hour 
12% 
Table 4. Optimum farm sixes - land prices = 200 pesos per hectar 
Farm production 
and resources 
Index of production tecliiiif|ue 
1 = 6 1 = 8 I = 10 
Production in $000's 
Land in hectares 
Labor in 000's of hours 
Capital services in $000's 
152.060 
130.000 
43.000 
78.000 
87.883 
55.550 
30.000 
44.44 0 
104.712 
49.000 
44.480 
49.000 
Resource 
prices 
$200.00/ha. 
$ .90/hour 
12% 
Production in $000's 
Land in hectares 
Labor in 000's of hours 
Capital services in $000's 
172.608 99.155 
150,000 62.220 
45.100 33.400 
90.000 49.776 
118.878 
55,500 $200,00/ha, 
49.200 $ .93/hour 
55.500 12% 
Production in $000's 
Land in hectares 
Labor in 000's of hours | 
Capital services in $000's 
190.760 113.235 
165.000 71.110 
49.140 37.000 
99.000 56.888 
133.388 
61.800 $200,00/ha, 
54.310 $ .95/hour 
61.800 12% 
Production in $000's 
Land in hectares 
Labor in 000's of hours 
Capital services in $000's 
218,696 126.060 
191.000 79.000 
53.100 49.200 
114,600 63.200 
152,312 
70,900 $200.00/ha. 
59.800 $ .98/hour 
70.900 12% 
is an index of tlie capital intensity of production measured in 100's of pesos per hcctar. 
Table 4. (Continued) 
Farm production Index of^  
and resources _ . 
1 = 0  
Production in $000's 237.360 
Land in hectares 206.000 
Labor in 000's of hours 57.100 
Capital services in $000's 123.600 
Production in $000's 260.222 
Land in hectares 225.000 
Labor in 000's of hours 61.500 
Capital services in $000's 135.000 
Production in $000's 289.116 
Land in hectares 250.000 
Labor in 000's of hours 66.340 
Capital services in $000's 150.000 
Production in $000's 317.312 
Land in hectares 274.000 
Labor in 000's of hours 71.000 
Capital services in $000's 164.400 
production technique^  
1 = 8  I  =  1 0  
Resource 
prices 
140.713 172.775 
87.800 80.800 $200.00/ha. 
44.000 65.400 $ 1.01/hour 
79.240 80.800 12% 
157.743 192.843 
99.000 . 90.100 $200.00/ha. 
47.300 71.000 $ 1.04/hour g 
79.200 90.100 12% 
177.078 218.305 
111.000 100.900 $200.00/ha. 
51.700 79.400 $ 1.07/hour 
88.800 100.900 12% 
199.160 249.961 
124.400 116.300 $200.00/ha. 
56.900 87.360 $ 1.10/hour 
99.520 116,300 12% 
Table 4. (Continued) 
Fann production 
and resources 
Production in $000's 
Land in hectares 
Labor in 000's of hours 
Capital services in $000's 
Index of production teclniique' 
1 = 6  1  =  8  1 = 1 0  
354.990 
307.000 
77.070 
184.200 
221.796 
140.000 
60.120 
112.000 
284.316 
132.700 
96.000 
132.700 
Resource 
prices 
$200.00/ha. 
$ 1.13/hour 
12% 
Production in $001''s 
Land in hectares 
Labor in 000's of hoiirs 
Capital sejr\'ices in $000's 
397.335 
347.000 
81.000 
208.200 
236.164 
144.000 
66.900 
115,200 
318.581 
149.000 
104.100 
149.000 
$200.00/ha. 
$ 1,16/hour 
12% 
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optimum farm size of different land prices. For Tables 2, 3 and 4 and 
for all the tableaux within these tables the return to capital is held 
constant at 12 percent. 
The rows and columns of Table 5 can be given a similar interpreta­
tion as the three preceding tables. Table 5 is distinct in that it 
represents farm coefficients derived for ejidos. As has been explained 
previously, these coefficients are not derived from the equilibrium con-
dtions but are simply geometric means from the sample of observations on 
ejidos. The coefficients of Table 5 are independent of price changes and 
therefore consist of a single tableau. 
Table 5. Optimum sizes for ejidos 
Production and 
resource inputs Types of ejidos 
Si =2 23 =4 S5 
Production in $000's 4.893 4.540 6.852 7,692 17.620 
Land in hectares 
Labor in 000's of hours 
Capital services in $000's 
6.940 
4.691 
.599 
8.010 
3.372 
1.343 
6.480 
3.670 
3.169 
6.880 
2.829 
4.596 
10.480 
3.971 
12.541 
h^e E's refer to five different types of ejidos based on the 
capital to land ratio. 
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ANALYSIS PART II 
In the first part of the analysis the problem was to determine optimum 
or equilibrium farm sizes for different production techniques and equilib­
rium price sets. The problem considered in this section is to select from 
among the optimum farm sizes that combination which maximizes the total 
value of regional production. The problem is determinate because none of 
the estimated production relationships were linear. A unique solution 
exists for each set of prices and for each level of capital in the resource 
vector describing regional resource supplies. 
In the previous chapter ten wage levels were considered along with 
three levels of land prices. In-addition this chapter will treat growth 
rates in the capital supply of one, three and five percent along with two 
different tenure systems. In total there will be 112 combinations of the 
above variables and 112 optimum regional solutions corresponding to dif­
ferent prices or tenure systems. If price and capital increments are 
associated with time such as in a policy model then consecutive solutions 
to the regional programs can be viewed as growth paths over time. For 
each of the three growth rates in capital and for each tenure system there 
corresponds a unique growth path showing changes in optimum regional pro­
duction, employment, farm sizes and numbers over a ten year period. 
Tables 2, 3 and 5 of the previous chapter supply all of the coeffi­
cients and the objective functions for the 112 regional programs. Each 
tableau of Tables 2 and 3 along with the coefficients of Table 5 provide 
the coefficients and objective function for two regional programs, rather 
than one. .This is because the same set of coefficients in different row 
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arrangements can be used to represent different tenure systems and, 
therefore, distinct regional programs. 
The coefficients of Table 5 representing ejidos are invariant under 
price changes and so the coefficients of Table 5 appear in each regional 
program unchanged. 
Two tenure systems are taken into account here to establish a basis 
of comparison between ejidos and non ejidos. The first tenure system will 
be referred to as the free or unrestricted tenure system. In this system 
there will be only one land row so that both ejidos and non ejidos require 
land from the single land supply. The farms that come into any given pro­
gram will be those which contribute most to production. This means that 
the solution may consist exclusively of ejidos, exclusively of non ejidos 
or any combination of the ejidos and non ejidos. This unrestricted tenure 
system points out the relative efficiency of ejidos and non ejidos in 
contributing to regional production. The second tenure system divides 
each of the regional resource supplies into two groups. Fifty five per­
cent of the total useable land area is presently employed by ejidos. 
Ejidos control approximately one third of the total regional capital supply 
in terms of either capital, stock or capital services. In the second ten­
ure system ejidos can draw upon land, labor and or capital only from the 
supplies of these inputs available for ejido use. Similarly non ejidos 
can draw upon inputs only from supplies available to non ejidos. This 
tenure arrangement is represented in programming form by dividing each of 
the input categories into ejido and non ejido based on the percentage of 
these inputs originally employed by ejidos and non ejidos. This doubles 
the number of restrictions in any given program. The additional 
45 
coefficients are, of course, all zeros since an ejido uses no land, labor 
or capital from the non ejido category of inputs. The non ejidos in turn 
employ no inputs from the ejido category. In this system the rows have 
actually been divided into two parts and zeros added to complete the rows, 
but no row contains only zeros. 
Again price changes and increments in regional capital supply can 
be considered for this restricted tenure system as for the free or un­
restricted tenure system described above. In at least one sense the 
restricted tenure system provides perhaps a more realistic description of 
regional changes in production and employment resulting from price changes 
and increments in regional capital. It reflects more closely the existing 
tenure structure and does not require great changes in the tenure system 
that might be suggested by the results of the free tenure model. The re­
stricted tenure system alone does not provide a strong basis of comparison 
between ejidos and non ejidos as does the free tenure model but both ten­
ure structures taken together furnish a comparison of some of the oppor­
tunity costs associated with the existing tenure system. From the stand­
point of regional production the restricted model can not exceed the pro­
duction of the free model but from the standpoint of employment goals 
or other social objectives the restricted model may be preferable. This 
would be the case where the difference in regional production is shown 
s . 
to be small for the two systems. 
The results of the computation for the 112 regional programs are 
presented in Tables 6, 7 and 8 of this chapter. The tableau format used 
in Tables 2, 3 and 4 of the preceding chapter are employed again. Column 
and row headings make the tables self explanatory, although it should be 
Table 6. Regional production and employment - land price = 100 pesos per hectar 
Unrestricted tenure sys tern Restricted tenure system 
Regional production 
and resources Capital growth rates 
17o 3% 57o 
Capital growth rates 
17o 3% 5% 
Production in 
$000's pesos 341,622 276,668 
Land in hectares 
non ejidos 
ej idos 
92,812 
125,184 
56,408 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
132,588 
84,616 
80,582 
68,634 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
111,328 
10,822 
67,689 
54,390 
Production in 
$000's pesos 344,317 348,770 353,225 279,106 283,158 287,202 
Land in hectares 
non ejidos 
ejidos 
93,818 
124,181 
96,010 
121,989 
98,189 
119,798 
56,981 
119,000 
58,109 
119,000 
59,238 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
130,838 
83,921 
133,895 
82,439 
136,933 
80,959 
79,466 
68,492 
81,039 
68,198 
82,612 
67,908 
Table 6. (Continued) 
Unrestricted tenure system Restricted tenure system 
Regional production 
and resources Capital growth rates 
17o 3% 5Z 
Capital growth 
17o 3% 
rates 
5% 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
112,582 
10,718 
115,212 
10,529 
117,827 
10,340 
68,377 
54,924 
69,731 
56,021 
71,085 
57,109 
Production in 
$000's pesos 348,143 357,303 366,645 282,101 290,401 298,852 
Land in hectares 
non ejidos 
ejidos 
94,919 
123,074 
99,411 
118,605 
103,956 
114,045 
57,550 
119,000 
59,853 
119,000 
62,200 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
130,282 
83,173 
136,448 
80,152 
142,686 
77,075 
78,991 
68,345 
82,151 
67,749 
85,372 
67,144 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
113,902 
10,623 
119,293 
10,237 
124,747 
9,843 
69,060 
55,472 
71,823 
57,701 
74,639 
59,964 
Production in 
$000's pesos 350,435 364,451 379,023 284,174 296,867 310,050 
Table 6, (Continued) 
Unrestricted tenure system 
Regional production 
and resources Capital growth rates 
1% 37o 57o 
Land in hectares 
non ejidos 96,045 102,884 110,001 
ejidos 121,957 115,114 108,000 
Labor in 000's hours 
non ejidos 127,071 136,119 145,535 
ejidos 82,417 77,793 72,986 
Capital services in 
$000'.8 pesos 
non ejidos 115,248 123,454 131,994 
ejidos 10,526 9,936 9,322 
Production in 
$000's pesos 350,797 369,248 385,712 
Land in hectares 
non ejidos 97,159 106,053 115,851 
ejidos 120,825 112,483 102,536 
Labor in 000's hours 
non ejidos 123,909 135,256 147,752 
ejidos 81,653 75,524 68,845 
Capital services in 
$000's pesos 
non ejidos 116,590 127,488 139,357 
ejidos 10,428 9,641 8,788 
Restricted tenure system 
Capital growth rates 
17o 3% 5% . 
58,125 61,648 65,309 
119,000 119,000 119,000 
76,901 81,562 86,406 
68,197 67,286 66,342 
69,750 73,977 78,370 
56,027 59,432 62,962 
285,090 302,247 320,430 
58,708 63,496 68,574 
119,000 119,000 119,000 
74,872 80,978 87,454 
68,047 66,809 65,500 
70,449 76,195 82,288 
56,586 61,214 66,110 
00 
Table 6, (Continued) 
Unrestricted tenure system Restricted tenure system 
Regional production 
and resources Capital growth rates 
1% 37o 5% 
Capital growth rates 
1% 3% 57o 
Production in 
$000's pesos 352,914 376,960 402,949 287,073 . 308,936 332,563 
Land in hectares 
non ejidos 
ejidos 
98,324 
119,687 
110,129 
107,819 
123,004 
94,994 ' 
59,295 
119,000 
65,400 
119,000 
72,002 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
121,593 
80,883 
136,192 
72,863 
152,114 
64,197 
73,327 
67,896 
80,878 
66,318 
89,042 
64,616 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
117,994 
10,330 
132,161 
9,306 
147,612 
8,199 
71,153 
57,152 
78,480 
63,050 
86,402 
69,415 
Production in 
$000's pesos 354,613 383,957 416,292 288,813 315,527 344,965 
Land in hectares 
non ejidos 
ejidos 
99,462 
118,535 
113,992 
104,010 
126,973 
87,999 
59,888 
119,000 
67,362 
119,000 
75,602 
119,000 
Labor in 000's hours 
non ejidos 
ej idos 
118,871 
80,105 
136,237 
70,289 
155,337 
59,469 
71,562 
67,743 
80,493 
65,812 
90,339 
63,687 
Table 6, (Continued) 
Unrestricted tenure system 
Regional production 
and resources Capital growth rates 
1% 37o 57o 
Capital services in 
$000's pesos 
non ejidos 119,310 136,740 156,054 
ejidos 10,231 8,977 7,595 
Production in 
$000's pesos 357,502 392,519 431,861 
Land in hectares 
non ejidos 100,776 118,092 137,540 
ejidos 117,369 100,082 80,657 
Labor in 000's hours 
non ejidos 117,249 137,396 160,022 
ejidos 79,317 67,634 54,507 
Capital services in 
$000's pesos 
non ejidos 121,125 114,938 165,312 
ejidos 10,130 8,638 6,962 
Production in 
$000's pesos , 361,357 402,477 449,583 
Land in hectares 
non ejidos 101,810 121,953 145,022 
ejidos 116,196 96,036 72,939 
Capital growth rates 
1% 3% 5% 
71,865 80,834 90,922 
57,724 64,942 72,886 
291,272 324,259 358,893 
60,485 69,383 79,382 
119,000 119,000 119,000 
70,474 80,841 92,491 
67,589 64,944 62,713 
72,582 83,259 95,258 
58,300 68,188 76,529 
294,319 336,582 374,300 
61,090 72,851 83,350 
119,000 119,000 119,000 
Table 6. (Continued) 
Unrestricted tenure system Restricted tenure system 
Regional production 
and resources Capital growth rates 
1% 3% 57o 
Capital growth rates 
1% 3% 5% 
Labor in 000's hours 
non ejidos 
ejidos 
116,478 
78,525 
139,522 
64,900 
165,915 
49,292 
69,891 
67,433 
83,347 
64,397 
95,359 
61,689 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
122,518 
10,029 
146,157 
8,289 
174,518 
6,295 
73,307 
58,883 
87,421 
70,233 
100,020 
80,355 
Production in 
$000's pesos 362,083 408,897 463,577 295,497 344,431 387,829 
Land in hectares 
non ejidos 
ejidos 
102,925 
115,010 
126,072 
91,872 
153,000 
64,847 
61,700 
119,000 
75,036 
119,000 
87,518 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
112,763 
77,723 
138,123 
62,086 
167,625 
43,823 
67,672 
67,276 
82,298 
63,458 
95,988 
60,615 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
123,358 
9,927 
151,101 
7,930 
183,375 
5,597 
74,040 
59,471 
90,043 
73,744 
105,021 
84,372 
Table 7. Regional production and employment - land price - 0 pesos per hectar 
Unrestricted tenure system Restricted tenure system 
Regional production 
and resources Capital growth rates Capital growth rates 
n 3% 5% 17. 3% 5% 
Production in 
$000's pesos 322,558 
Land in hectares 
non ejidos 92,550 
ejidos 125,329 
Labor in 000's hours 
non ejidos 121,858 
ejido's 84,697 
Capital services in 
$000's pesos 
non ejidos 111,060 
ejidos 10,817 
265,271 
56,420 
119,000 
74,187 
68,634 
67,689 
54,390 
Production in 
$000's pesos 325,761 
Land in hectares 
non ejidos 93,825 
ejidos 124,184 
Labor in 000's hours 
non ejidos 120,951 
ejidos 83,923 
329,781 
93,825 
121,991 
120,951 
82,441 
333,802 
98,209 
119,798 
126,602 
80,959 
267,836 
56,981 
119,000 
73,454 
68,492 
271,665 
58,109 
119,000 
74,909 
68,198 
275,487 
59,237 
119,000 
76,364 
67,907 
Table 7. (Continued) 
Unrestricted tenure system Pvcstricted tenure system 
Regional production 
and resources Capital growth rates 
1% 3% 5% 
Capital growth 
17o 3% 
rates 
5% 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
112,580 
10,718 
112,580 
10,529 
117,840 
10,340 
68,377 
54,924 
69,731 
56,021 
71,085 
57,109 
Production in 
$000's pesos 328,365 336,593 344,984 270,110 277,930 285,892 
Land in hectares 
non ejidos 
ejidos 
92,500 
123,074 
99,398 
118,605 
103,254 
114,045 
57,550 
119,000 
59,853 
119,000 
62,199 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
119,490 
83,172 
125,138 
80,152 
129,993 
77,071 
72,453 
68,345 
75,352 
67,749 
78,306 
67,143 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
113,895 
10,623 
119,278 
10,237 
123,905 
9,843 
69,060 
55,472 
71,823 
57,701 
74,639 
59,964 
Production in 
$000's pesos 330,028 342,589 355,650 271,823 283,768 296,173 
Land in hectares 
non ejidos 
ejidos 
96,030 
121,957 
102,870 
115,114 
109,980 
108,000 
58,125 
119,000 
61,648 
119,000 
65,309 
119,000 
I 
Table 7. (Continued) 
Unrestricted tenure sys tern Restricted tenure system 
Regional production 
and resources Capital growth rates 
1% 37o 5% 
Capital growth rates 
1% 3% 57o 
Labor in 000's hours 
non ejidos 
ejidos 
117,050 
82,417 
125,387 
77,793 
134,053 
72,986 
70,848 
68,196 
75,141 
67,286 
79,604 
66,341 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
115,236 
10,526 
123,444 
9,936 
13,197 
9,322 
69,750 
56,027 
73,977 
59,432 
78,370 
62,962 
Production in 
$000's pesos 331,582 348,618 366,676 273,481 289,692 306,871 
Land in hectares 
non ejidos 
ejidos 
97,181 
120,825 
106,450 
111,519 
116,338 
101,657 
58,708 
119,000 
63,496 
119,000 
68,574 
119,000 
Labor in 000's hours 
non ejidos 
ej idos 
114,541 
81,653 
125,467 
75,364 
137,121 
68,699 
69,195 
68,047 
74,839 
66,809 
80,823 
65,499 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
116,616 
10,428 
127,741 
9,625 
139,606 
8,774 
70,449 
56,586 
76,195 
61,214 
82,288 
66,110 
Table 7. (Continued) 
Unrestricted tenure system Restricted tenure system 
Regional production 
and resources Capital growth rates 
1% 3% 5% 
Capital growth rates 
1% 37o 5% 
Production in 
$000's pesos 332,636 354,234 377,578 274,843 295,447 317,713 
Land in hectares 
non ejidos 
ejidos 
98,294 
119,687 
110,153 
107,820 
123,015 
94,994 
59,295 
119,000 
65,400 
119,000 
72,002 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
111,455 
80,884 
124,902 
72,864 
139,486 
64,197 
67,274 
67,896 
74,201 
66,318 
81,691 
64,615 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
117,953 
10,330 
132,184 
9,306 
147,618 
8,199 
71,153 
57,152 
78,480 
63,050 
86,402 
69,415 
Production in 
$000's pesos 334,649 361,078 390,200 276,794 302,007 329,791 
Land in hectares 
non ejidos 
ejidos 
99,436 
118,535 
11,597 
104,010 
129,978 
87,999 
59,888 
119,000 
67,362 
119,000 
75,602 
119,000 
Labor in 000's hours 
non ejidos 
ej idos 
109,496 
80,106 
7,837 
70,289 
143,104 
59,470 
65,935 
67,743 
74,164 
65,812 
83,236 
63,687 
Table 7. (Continued) 
Unrestricted tenure system Restricted tenure system 
Regional production 
and resources Capital growth rates 
17„ 37o 5% 
Capital growth rates 
17o 3% 5% 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
57,883 
10,231 
1,001 
8,977 
155,981 
7,595 
71,865 
57,724 
80,834 
64,942 
90,722 
72,886 
Production in 
$000's pesos 335,129 366,303 401,326 277,824 308,833 341,240 
Land in hectares j 
non ejidos 
ejidos 
100,629 
117,370 
117,901 
100,082 
137,333 
80,657 
60,485 
119,000 
69,383 
119,000 
1 79,382 
119,000 
Labor in 000's hours 
non ejidos 
ej idos 
106,097 
79,317 
124,308 
67,634 
144,795 
54,507 
63,772 
67,588 
73,153 
64,943 
83,695 
62,713 
Capital services in 
$000's pesos 
non ejidos 
ejidos 
120,752 
10,130 
141,478 
8,638 
164,796 
6,962 
72,582 
58,300 
83,259 
68,188 
95,258 
76,524 
Production in 
$000's pesos 340,933 378,009 420,481 321,967 357,578 
Table 7. (Continued) 
Unrestricted tenure system Restricted tenure system 
Regional production 
and resources Capital growth rates 
17o 3% 5% 
Capital growth rates 
1% 3% 57o 
Land in hectares 
non ej idos 
ej idos 
101,837 
116,196 
121,992 
96,036 
145,064 
72,939 
61,089 
119,000 
72,851 
119,000 
83,350 
119,000 
Labor in 000's hours 
. non ejidos 
ejidos 
107,401 
78,525 
128,657 
64,900 
152,990 
49,292 
64,427 
67,432 
76,831 
64,396 
87,904 
61,689 
Capital services in 
$000's pesos 
j non ejidos 
ej idos 
122,204 
10,029 
146,390 
8,289 
174,077 
62,955 
73,307 
58,883 
87,421 
70,233 
100,020 
80,355 
Production in 
$000's pesos 331,266 371,157 417,751 277,035 321,979 361,643 
Land in hectares 
non ejidos 
ejidos 
103,039 
115,010 
126,144 
91,872 
153,191 
64,847 
61,700 
119,000 
75,036 
119,000 
87,517 
119,000 
Labor in 000's hours 
non ejidos 
ejidos 
95,512 
77,723 
116,928 
62,086 
141,956 
43,823 
57,175 
67,275 
69,533 
63,457 
81,099 
60,614 
Capital services in 
$000's pesos 
no'n jidos 
ej idos 
123,647 
9,927 
151,372 
7,929 
183,829 
5,597 
74,040 
59,471 
90,043 
73,744 
105,021 
84,372 
Table 8, Optimum farm production and farm sizes 
Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Number of farms and 
Year optimum size Tenure system Tenure system 
Restricted Unrestricted Restricted Unrestricted 
Year 1 
Non eiidos 
Number of non ejidos - 1% 1,389.3 2,286.0 1,878,1 3,084.9 
Number of non ejidos - 3% 
Number of non ejidos - 5% 
Production in 000's pesos 110.8 110.8 75.9 75.9 
Land in hectares 40.6 40.6 30.0 30.0 
Labor in 000's hours 58.0 58.0 39.5 39.5 
Capital services in 000's pesos 48.7 48.7 36.0 36.0 
Ejidos I 
Number of ejidos - VL 11,421.6 18,038.0 11,421.6 18,058.6 
Number of ejidos - 3% 
Number of ejidos - 5% 
Production in 000's pesos 4.9 4.9 4.9 4.9 
Land in hectares 6.9 6.9 6.9 6.9 
Labor in 000's hours 4.7 4.7 4.7 4.7 
Capital services in 000's pesos .6 .6 .6 .6 
Eiidos II 
Number of ejidos - 1% 3,791.4 3,791.4 
Number of ejidos - 3% 
Number of ejidos - 5% 
Production in 000's pesos 17.6 17.6 
Land in hectares 10.5 10.5 
Labor in 000's hours 4.0 4.0 
Capital services in 000's pesos 12.5 12,5 
Table 8. (Continued) 
Number of farms and Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Year optimum si%e _ m . 
Tenure system Tenure system 
Restricted Unrestricted Restricted Unrestricted 
Year 2 
Non ejidos 
Number of non ejidos - 1% 1,232.0 
Number of non ejidos - 3% 1,256.4 
Number of non ejidos - 5% 1,280.8 
Production in 000's pesos 126.6 
Land in hectares 46.2 
Labor in 000's hours 64.5 
Capital services in 000's pesos 55.5 
I 
Ejidos I 
Number of ejidos - 1% 11,352.3 
Number of ejidos - 3% 11,209.9 
Number of ejidos - 5% 11,068.7 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in 000's pesos .6 
Ejidos II 
Number of ejidos - 1% 3,837.3 
Number of ejidos - 3% 3,931.6 
Number of ejidos - 5% 4,025.1 
Production in 000's pesos 17.6 
Land in hectares 10.5 
Labor in 000's hours 4.0 
Capital services in 000's pesos 12,5 
2,028.5 1.650.7 2,717.8 
2,075.9 1,683.3 2,781.3 
2,123.3 1,716.0 2,844.8 
126.6 87.6 87.6 
46.2 34.5 34.5 
64.5 44.5 44.5 
55.5 41.4 41.4 
17,893.5 11,352.3 17,893.5 
17,577.7 11,209.9 17,577.7 
17,261.7 11,068.7 17,261.7 
4.9 4.9 4.9 
6.9 6.9 6.9 
4.7 4.7 4.7 
. 6  . 6  . 6  
3,837.3 
3,931.6 
4,025.1 
1 7 . 6  
10.5 
4.0 
12.5 
Table 8. (Continued) 
Number of farms and Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Year optimum size », , _ 
' lenure system Tenure system 
Restricted Unrestricted Restricted Unrestricted 
Year 3 
Non ejidos 
Number of non ejidos - 1% 
Number of non ejidos - 3% 
Number of non ejidos - 5% 
Production in 000's pesos 
Land in hectares 
Labor in 000's hours 
Capital services in 000's pesos 
1,088,9 
1,132.5 
1,176.9 
145.5 
52.9 
72.5 
63,4 
Ejidos I 
Number of ejidos - 1% 11,281.2 
Number of ejidos - 3% 10,991.9 
Number of ejidos - 5% 10,698.2 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in 000's pesos .6 
E i idos IT. 
Number of ejidos - 1% 3,884.4 
Number of ejidos - 3% 4,075.9 
Number of ejidos - 5% 4,270.4 
Production in 000's pesos 17.6 
Land in hectares 10.5 
Labor in 000's hours 4.0 
Capital services in 000's pesos 12.5 
1,796.1 
1,880.8 
1,967.4 
145.5 
52.8 
72.5 
63.4 
1,462.5 
1,521.0 
1,580.7 
100.1 
39.4 
49.5 
47.2 
2,412.4 
2,526.0 
2,641.9 
100.1 
39.35 
49.54 
47.22 
17,733.9 
17,089.6 
16,432.5 
4.9 
6.9 
4.7 
. 6 
11,281.2  
10,991.9 
10,698.2 
4.9 
6.9 
4.7 
. 6  
17,733.9 
17,089.6 
16,432.5 
4.9 
6.9 
4.7 
. 6 
3,884.4 
4,075.9 
4,270.4 
17,6 
10.5 
4.0 
12.5 
Table 8. (Continued) 
 ^  ^ , Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Number of farms and ' ' ' *:  ^ ' 
Year optimum size Tenure system Tenure system 
Restricted Unrestricted Restricted Unrestricted 
Year 4 
Non elidos 
Number of non ejidos - 1% 960.4 
Number of non ejidos - 3% 1,018.6 
Number of non ejidos - 5% 1,079.1 
Production in 000's pesos 166.6 
Land in hectares 60.5 
Labor in 000's hours 80.1 
. Capital services in 000's pesos 72.6 
Ejidos I 
Number of ejidos - 1% 11,209.1 
Number of ejidos - 3% 10,767.2 
Number of ejidos - 5% 10,309.2 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in 000's pesos .6 
Ejidos II 
Number of ejidos - 1% 3,932.1 
Number of ejidos - 3% 4,224.7 
Number of ejidos - 5% 4,528.1 
Production in 000's pesos 17.6 
Land in hectares 10.5 
Labor in 000's hours 4.0 
Capital services in 000's pesos 12.5 
1,586.9 1,291.7 2,134.3 
1,700.0 1,369.9 2,286.3 
1,817.6 1,451.3 2.444.5 
166.6 114.3 114.3 
60.5 45.0 45.0 
80.1 54.9 54.9 
72.6 54.0 54.0 
17,572.9 11,209.1 17,572.9 
16,587.0 10,767.2 16,587.0 
15,561.9 10,309.2 15,561.9 
4.9 4.9 4.9 
6.9 6.9 6.9 
4.7 4.7 4.7 
. 6  . 6  . 6  
3,932.1 
4,224.7 
4,528.1 
17.6 
10.5 
4.0 
12.5 
Table 8. (Continued) 
„ ,  ^  ^ , Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Number of farms and  ^ : 
Year optimum size _ . mi. 
 ^ Tenure system Tenure system 
Restricted Unrestricted Restricted Unrestricted 
Year 5 
Non ejidos 
Number of non ejidos - 1% 847.2 
Number of non ejidos - 3% 916.2 
Number of non ejidos - 5% 989.5 
Production in 000's pesos 189.4 
Land in hectares 69.3 
Labor in 000's hours 88.4 
Capital services in 000's pesos 83.2 
Ejidos I 
Number of ejidos - 1% 11,136.6 
Number of ejidos - 3% 10,536.0 
Number of ejidos - 5% 9,900.6 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in 000's pesos .6 
Ejidos II 
Number of ejidos - 1% 3,980.2 
Number of ejidos - 3% 4,377.8 
Number of ejidos - 5% 4,798.6 
Production in 000's pesos 17.6 
Land in hectares 10.5 
Labor in 000's hours 4.0 
Capital services in 000's pesos 12.5 
1,402.2 1,140.0 1,886.9 
1,232.9 2,067.6 
1.331.5 2,259.1 
189.4 130.6 130.6 
69.3 51.5 51.5 
88.4 60.7 60.7 
83.5 61.8 61.8 
17,410.1 11,136.6 17,410,1 
10,536.0 16,069.2 
9.900.6 14,647.7 
4.9 4.9 4.9 
6.9 6.9 6.9 
4.7 4.7 4.7 
. 6  . 6  . 6  
3,980.2 
4,377.8 
4,798.6 
17.6 
10.5 
4.0 
12.5 
Table 8. (Continued) 
Number of farms and Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Year optimum size Tenure system Tenure system 
Restricted Unrestricted Restricted Unrestricted 
Year 6 
Non ejidos 
Number of non ejidos - 1% 748.4 
Number of non ejidos - 3% 825.4 
Number of non ejidos - 5% 908.7 
Production in OOO's pesos 216.4 
Land in hectares 79.2 
Labor in OOO's hours 98.0 
Capital services in OOO's pesos 95.1 
Ejidos I 
Number of ejidos - 1% 11,063.1 
Number of ejidos - 3% 10,297.7 
Number of ejidos - 5% 9,471.7 
Production in OOO's pesos 4.8 
Land in hectares 6.9 
Labor in OOO's hours 4.7 
Capital services in OOO's pesos .6 
Ejidos II 
Number of ejidos - 1% 4,028.8 
Number of ejidos - 3% 4,535.6 
Number of ejidos - 5% 5,082.6 
Production in OOO's pesos 17.6 
Land in hectares 10.5 
Labor in 000's hours 4.0 
Capital services in OOO's pesos 12.5 
1,666.3 
1,867.5 
2,084.9 
148.9 
59.0 
66.9 
70.8 
1,004.9 
1,108.5 
1,220.4 
149.0 
59.0 
66.9 
70.8 
1,240.9 
1,390.6 
1,552.5 
216.4 
79.2 
97.9 
95.1 
17.245.8 
15.535.9 
13,687.8 
4.9 
6.9 
4.7 
. 6 
11,063.1 
10,297.7 
9,471.7 
4.8 
6.9 
4.7 
. 6  
17.245.8 
15.535.9 
13,687.8 
4.9 
6.9 
4.7 
. 6 
4,028.8 
4,535.6 
5,082.6 
17.6 
10.5 
4.0 
12.5 
Table 8. (Continued) 
Land price - 100 pesos per hectare Land price = 0 pesos per hectare 
T( 
Restricted 
Year 
Number of farms and 
optimum size 
enure system Tenure system 
Unrestricted Restricted Unrestricted 
Year 7 
Non ejidos 
Number of non ejidos - 1% 660.3 
Number of non ejidos - 3% 742.7 
Number of non ejidos - 5% 883.5 
Production in 000's pesos 247.2 
Land in hectares 90.7 
Labor in 000's hours 108.4 
Capital services in 000's pesos 108.8 
Ejidos I 
Number of ejidos - 1% 10,988.9 
Number of ejidos - 3% 10,052.2 
Number of ejidos - 5% 9,021.3 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in OOO's pesos .6 
Ejidos II 
Number of ejidos - 1% 4,077.9 
Number of ejidos - 3% 4,698.2 
Number of ejidos - 5% 5,380.9 
Production in OOO's pesos 17.6 
Land in hectares 10.5 
Labor in OOO's hours 4.0 
Capital services in OOO's pesos 12.5 
1,096.6 
1,256.8 
1,433.3 
247.2 
90.7 
108.4 
108.8 
17.079.8 
14,986.5 
12.679.9 
4.9 
6.9 
4.7 
. 6  
877.7 
987.3 
1,108.0 
172.2 
6 8 . 2  
75.1 
81.9 
10,988.9 
10,052.2 
9,021.3 
4.9 
6.9 
4.7 
. 6  
4,077.9 
4,698.2 
5,380.9 
17.6 
10.5 
4.0 
12.5 
1,457.8 
1,670.7 
1,905.3 
172,2 
6 8 . 2  
75.1 
81.9 
17.079.8 
14,986.5 
12.679.9 
4.9 
6.9 
4.7 
. 6  
Table 8. (Continued) 
Number of farms and 
Year optimum size 
Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Tenure system 
Restricted Unrestricted 
Tenure system 
Restricted Unrestricted 
Year 8 
Non ejidos 
Number of non ejidos - 1% 582.4 
Number of non ejidos - 3% 668.1 
Number of non ejidos - 5% 764.4 
Production in 000's pesos 283.5 
Land in hectares 103.8 
Labor in 000's hours 121.0 
Capital services in 000's pesos 124.6 
Ejidos I 
Number of ejidos - 1% 10,914.2 
Number of ejidos - 3% 9,630.9 
Number of ejidos - 5% 8,548.5 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in 000's pesos .6 
Ejidos II 
Number of ejidos - 1% 4,127.4 
Number of ejidos - 3% 4,977.2 
Number of ejidos - 5% 5,693.9 
Production in 000's pesos 17.6 
Land in hectares 10.5 
Labor in 000's hours 4.0 
Capital services in 000's pesos 12.5 
968.9 784.4 1,305.0 
1,135.5 899.8 1,529.2 
1,322.5 1,029.5 1,781.2 
283.5 193.4 193.4 
103.8 77.1 97.1 
121.0 81.3 81.3 
124.6 92.5 92.6 
16,912.1 10,914.2 16,912.1 
14,420.8 9,630.9 14,420.8 
11,621.7 8,548.5 11,621.2 
4.9 4.9 4.9 
6.9 6.9 6.9 
4.7 4.7 4.7 
. 6  . 6  . 6  
4,127.4 
4,977.2 
5,693.9 
17.6 
10.5 
4.0 
12.5 
Table 8. (Continued) 
Year 
Number of farms and 
optimum size 
Year 9 
Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Tenure system 
Restricted Unrestricted 
Tenure system 
Restricted Unrestricted 
Non ejidos 
Number of non ejidos - 1% 517.7 
Number of non ejidos - 3% 617.4 
Number of non ejidos - 5% 706.4 
Production in 000's pesos 323.9 
Land in hectares 118.0 
Labor in 000's hours 135.0 
Capital services in 000's pesos 141.6 
Ejidos I 
Number of ejidos - 1% 10,838.5 
Number of ejidos - 3% 9,365.6 
Number of ejidos - 5% 8,052.0 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in 000's pesos .6 
Ejidos II 
Number of ejidos - 1% 4,177.6 
Number of ejidos - 3% 5,152.9 
Number of ejidos - 5% 6,022.8 
Production in 000's pesos 17.6 
Land in hectares 10.5 
Labor in 000's hours 4.0 
Capital services in 000's pesos 12.5 
8 6 2 . 8  
1,033.6 
1,229.3 
323.9 
118.0 
135.0 
141.6 
16,742.8 
13,838.0 
10,510.4 
4.9 
6.9 
4.7 
. 6 
691.1 
824.1 
942.9 
224.9 
88.4 
93.2 
106.1 
10,838.5 
9,365.6 
8,052.0 
4.9 
6.9 
4.7 
. 6 
4,177.6 
5,152.9 
6,022.8 
17.6 
10.5 
4.0 
12.5 
1.151.6 
1.379.7 
1,640.9 
224.9 
88.4 
93.2 
106.1 
16,742.8 
13,838.0 
10,510.4 
4.9 
6.9 
4.7 
. 6  
Table 8, (Continued) 
Land price = 100 pesos per hectare Land price = 0 pesos per hectare 
Number of farms and 
Year optimum size Tenure system Tenure system 
Restricted Unrestricted Restricted Unrestricted 
Year 10 
Non ejldos 
Number of non ejidos - 1% 453.4 
Number of non ejidos - 3% 551.4 
Number of non ejidos - 5% 643.1 
Production in 000's pesos 371.2 
Land in hectares 136.0 
Labor in 000's hours 149.3 
Capital services in 000's pesos 163.3 
Ejidos I 
Number of ejidos - 1% 10,762.2 
Number of ejidos - 3% 8,909.9 
Number of ejidos - 5% 7,530.7 
Production in 000's pesos 4.9 
Land in hectares 6.9 
Labor in 000's hours 4.7 
Capital services in 000's pesos .6 
Ejidos II 
Number of ejidos - 1% 
Number of ejidos - 3% 
Number of ejidos - 5% 
Production in 000's pesos 
Land in hectares 
Labor in 000's hours 
Capital services in 000's pesos 
4,228.1 
5,454.7 
6,368.0 
17.6 
10.5 
4.0 
12.5 
756.8 
926.9 
1,125.6 
371.3 
136.1 
149.2 
163.3 
563.5 
685.3 
799.2 
266 .0  
109.5 
101.5 
131.4 
940.6 
1,151.9 
1,398.7 
266,0 
109.5 
101.5 
131.4 
16.571.7 
13.237.8 
9,343.6 
4.9 
6.9 
4.7 
. 6 
1 0 , 7 6 2 . 2  
8,909.9 
7,530.7 
4.9 
6.9 
4.7 
. 6  
16.571.7 
13.237.8 
9,343.6 
4.9' 
6.9 
4.7 
. 6  
4,228.1 
5,454.7 
6,368.0 
17.6 
10.5 
4.0 
12.5 
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pointed out that the only farm sizes appearing in these tables are those 
that appear at nonzero levels in the program solutions. An interpretation 
and discussion of the results appearing in these tables is given below. 
Regional Production Under Alternative Tenure 
Systems and Capital Growth Rates 
Table 6 presents a contrast between regional resource allocation and 
production for the restricted and unrestricted tenure systems. The numbers 
in the table are set off in tableaus as was done in the previous section. 
Each column of numbers in any tableau results from the optimal solution 
to a regional programming problem. The six columns of numbers in any 
tableau correspond to the optimal solutions for three different capital 
growth rates under both the restricted and unrestricted tenure arrange­
ments. The column headings indicate the tenure arrangements and the cap­
ital growth rate applying to the given column. The rows of any tableau 
indicate the optimum regional production and the division of the three 
inputs land, labor and capital services between non ejidos and ejidos. 
Moving down the table from tableau to tableau represents regional solu­
tions for successive three percent increments in the real wage rate. In 
addition capital growth was compounded from tableau to tableau at the rate 
corresponding to the column headings. The ten sections of the table repre­
sent successive optimum regional solutions over a ten year period. The 
first section of Table 6 has entries under only two of the six column 
headings because capital was not compounded until the end of the first 
year. For this reason the entries in section one of Table 6 represent 
optimum regional production and resource allocation for the existing land. 
69 
labor and capital resource base under both tenure systems. Since the re­
stricted tenure system represents the present distribution of resources 
between non ejidos and ejidos, the first section of the table evaluates 
the opportunity costs associated with the existing division of resources. 
The two regional production figures appearing in the first section of 
Table 6 represent the difference in regional production achievable under 
the existing tenure system and under a system in which no artificial re­
strictions are placed on resource allocation. The figures suggest that 
regional production could increase by at least 65 million pesos or approx­
imately 20 percent of the present value of regional production through 
resource reallocation without any increase in the present supplies of the 
scarce resources.. The opportunity cost associated with the existing ten­
ure system increases over time with increases in capital supply. The 
changing value of the opportunity costs over time for alternative capital 
growth rates are presented in Table 6. 
Regional Employment Under Alternative Tenure Systems 
Another important aspect of the opportunity costs associated with 
the present tenure system can be seen by comparing employment figures 
within any section of Table 6. The figures suggest that labor employment 
for this agricultural region could be significantly expanded by a realloca­
tion of resources. 
The model was constructed in such a way as to prevent any farm from 
employing labor beyond the level where its marginal value productivity is 
equal to the wage rate. This insures that the expansion in labor 
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employment suggested by different tenure arrangements or increased capital 
supply result from legitimate increases in employment opportunities rather 
than from increases in disguised unemployment. 
Land Allocation for Alternative Land Prices 
The entries in Table 6 were derived assuming the price of land to be 
100 pesos per hectare. This figure represents the estimated opportunity 
cost price of land for the region. Table 7 is identical to Table 6 except 
that the results in Table 7 were derived for a land price of zero pesos 
per hectar. In this case land use was extended to the point where its 
marginal value productivity was zero and all of the product was exhausted 
in payments to the other factors of production. The relationships between 
optimum regional production and employment for alternative capital growth 
rates are illustrated in the following set of Figures. 
Optimum Farm Sizes and Optimum Farm Numbers 
Table 8 presents the optimum size farms and the number of farms of 
each size required to achieve the optimum regional levels of production 
suggested in Tables 6 and 7. Table 8 is sectioned by years corresponding 
to the tableaux of Tables 6 and 7. For the unrestricted tenure system, 
the optimum combination of farms always involves one non ejido and one 
ejido. In the case of the restricted tenure system, optimum regional 
allocation involves three different farm sizes including two types of 
ejidos and one non ejido. 
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Figure 1. Optimum regional production over time for unrestricted 
tenure system when land price = 0 pesos per hectare 
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Figure 2. Optimum regional production over time for restricted tenure 
system when land price = 0 pesos per hectare 
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Figure 3. Optimum regional production over time for unrestricted tenure 
system when land price = 100 pesos per hectare 
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Figure 4. Optimum regional production over time for restricted tenur 
system when land price = 100 pesos per hectare 
Figure 5. Optimum regional employment over time for unrestricted tenure 
system when land price = 0 pesos per hectare 
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Figure 6. Optimum regional employment over time for restricted 
tenure system when land price = 0 pesos per hectare 
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Figure 7. Optimum regional employment over time for unrestricted 
tenure system when land price = 100 pesos per hectare 
Figure 8. Optimum regional employment over time for restricted 
tenure system when land price = 100 pesos per hectare 
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CONCLUSIONS AND RECOMMENDATIONS 
The evidence from the sample of observations employed in this study 
suggests that agricultural production in this region is characterized by 
increasing returns to scale. Under increasing returns and capital scarcity, 
regional production can be maximized by developing a relatively small number 
of capital intensive farms and a large number of less capital intensive 
units. As additional capital is invested in the region, the number of 
capital intensive farms should increase. This development pattern is 
significantly different then would be expected for a region characterized 
by decreasing returns to agriculture. In this latter situation regional 
production would be maximized by distributing capital more evenly over the 
1 
region. 
If the region is characterized by increasing returns to scale, the 
individual ejido units which tend to be small and not capital intensive 
will play an important role in regional development. When capital is 
scarce regional production can be maximized only when there are a large 
number of less capital intensive ejido units to compliment a small number 
of more capital intensive farms. As capital becomes less scarce the pro­
portion of capital intensive farms or non ejidos would tend to decrease 
It should be noted that the case of increasing scale returns cannot 
lead to a single farm solution for the model presented above. At the same 
time the case of decreasing returns cannot lead to a solution involving 
an infinite number of farms. This is because the model is forced to choose 
from among a set of farms, none of which is infinitely small and none of 
which is sufficiently large to contain the entire region. This result 
was insured by the equilibrium conditions of section 3 which required that 
the product of any farm be exhausted in payments to factors when those 
factors were rewarded in proportion to their marginal value productivities.• 
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and eventually the region would be characterized largely by highly capital 
intens ive farms. 
The alternative to this approach would be to increase regional capital 
by distributing it more or less evenly over the region. Eventually the 
region would be characterized by only highly capital intensive non ejido 
units as in the preceding situation. While either alternative would 
eventually lead to the same regional allocation of resources and level of 
production, there would be opportunity costs in terms of lost production 
during the period of capital investment. In the case of increasing re­
turns to scale a program of introducing new capital into the region and 
distributing it evenly among farms would result in reduced production 
during the period of transition or capital investment. Since the period 
of transition is likely to be as long as 10 or 20 years, the sacrifice in 
agricultural production is likely to be large. 
In addition to these opportunity costs associated with reduced pro­
duction, it was demonstrated that significant opportunity costs in terms 
of a reduction in the employment of labor can result from an inappropriate 
allocation of resources. The model developed in this study attempted to 
measure scale returns, to consider the impact of nonlinear scale effects 
and to measure the impact of changes in input prices on optimal regional 
resource allocation. 
In regions characterized by rapid agricultural development, it is 
important that investigations be made to measure scale effects and to 
determine the factors which influence scale returns. In such regions 
two factors which are likely to be functionally related to scale returns 
are the level of managerial ability and the introduction of machine 
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production techniques which are not entirely of a labor substituting 
nature. If scale returns are found to be nonlinear, it would be useful 
to determine the implications of these nonlinearities on optimum regional 
resource allocation. It would also be useful to determine the level of 
production at which scale returns become linear. Insight into this 
problem might be gained by estimating production relationships for a 
sample of the most developed farms in the given region since these farms 
are more likely to be at or near the point of linear scale returns. 
The principle recommendation to be drawn from this investigation is 
that agricultural development models for less developed regions need to 
measure and to take into consideration the impact of scale returns on 
optimum resource allocation. 
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